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Targ ted Virus 

Zegbnisal Field 

The present invention relates to a virus which has an 
chimeric envelope protein on its surface that effects the 
specific binding of the virus to a cell of interest. The 
present invention also relates to a method of producing such a 
virus and methods of transducing cells and gene therapy 
utilizing such a virus. The present invention further relates 
to stem and/or progenitor cells which have been transduced 
with such a virus and a packaging cell line which produces 
such a virus. 

nanTfep-ound Art 

Genetically transformed human stem cells have wide 
potential application in clinical medicine, as agents of gene 
therapy. Gene therapy is an emerging approach to clinical 
treatment which has evolved from earlier approaches in medical 
care. The earliest approaches to medical care, evolving over 
centuries, include gross surgical procedures and the 
administration of crude mixtures as medicinal agents. In the 
past century, biochemical pharmacology has supervened as the 
major method of medical treatment. Under this paradigm, pure 
pharmaceutical molecules are delivered to the patient. In 
general, such pharmacologic agents act either as poisons (such 
as antimicrobials or cancer chemotherapy agents) , physiologic 
mimetics which stimulate endogenous receptors (e.g., opiates, 
adrenergic agonists) , or physiologic antagonists which block 
endogenous receptors (e.g. antihypertensives, anesthetics). 

The principle underlying gene therapy is to, rather than 
deliver doses of pharmacologic molecules, deliver a functional 
gene whose RNA or protein product will produce the desired 
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, fial eff ect in the target ceU or tissue. There are 

Hoiiver themselves. Next, conwoii. B J „-f 

^«.o.cif io target ell. can control th. productxon of 
9 ^ T!l a.finJ tissues. Finally, 9". therapy can in 

*7LZTX ^^within - in-ivioua!. a. the gene will 
^tinue -function in the target cells and their progeny. 

However, there are several problems that must be 
aaar.ss.rxo; successful gen. therapy. The first is to be 
^ "Insert th. d.sired therapeutic gene into the chosen 

^ second, th. gen. must be aa.guat.ly expressea in the 
T : cetl resulting in the appropriate level, of gen. 

^:r^iy theV - or P ^ rr - - 

. TlLlZ several methods of gene insertion into 
Table 1- 



Table l: Comparison of DNA transfer methods. 




Effort 



DNA i. 

Size of DNA input 
Meed Extraneous DNA 



High 
High 
Good 



Not restricted 
No 



Low 
Low 
Good 

7 

Not 
No 



1-100% 
(depends on titer) 



Intermediate 

May be inactivated or become 



Required 

limited (<6 to a kb) 
Yes 
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Other techniques, such as homologous r combination, are 
being developed as well in many laboratories. With th se 
issues in mind, r search on gene th rapy has been on-going for 
several years. This research, which began in several types of 
cells in vitro, has progressed to animal studies, and has 
recently entered the first human clinical trials (Kasid A, 
Morecki S, Aebersold P, Cornetta K, Culver K, Freeman S, 
Director E, Lotze MT, Blaese RM, Anderson WF et al., EESS^ 
r .^, ra n. S£iu Q-S.A. , 1990; 87:473-7; Culver K, Cornetta K, 
Morgan R, Morecki S, Aebersold P, Kasid A, Lotze M, Rosenberg 
SA, Anderson WF, Blaese RM, ProCt Natl, ft^d- Scj, U.S.A. , 
1991; 88:3155-9.) Tissue-specific expression of a 
functionally rearranged 11 Zg gene by transduction with a 
retrovirus vector has been observed (Cone RD, Reilly EB, Eisen 
HN, and Mulligan RC, SSignSS, 236:954-957 (1987)). 

The hematopoietic system is an ideal choice as a delivery 
system for gene therapy. Hematopoietic cells are readily 
accessible, simply by bone marrow aspiration or by peripheral 
blood mononuclear cell harvest. Once the genetic insertion is 
accomplished in vitro, the treated cells can be reinfused 
intravenously, after which the genetically transformed cells 
will home to and develop in the bone marrow. Since mature 
blood cells circulate throughout the body, the genetically 
modified cells would deliver the specific gene product to any 
desired tissue. Most importantly, hematopoietic tissues 
contain stem cells, which possess extensive (perhaps 
unlimited) capacities for self-renewal. This implies that if 
genetic material were stably transduced into these stem cells, 
then upon reinfusion of the hematopoietic tissue, these 
altered stem cells can expand and repopulate the marrow with 
cells that express the new gene. This would lead to 
longlasting, perhaps lifelong delivery of the desired gene 
product. Similarly, successful stable gene transfer into stem 
cells located in other tissues, or into embryonic stem cells, 
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w uxd Ittevise 1 ad to longlasting gen. pr duct delivery. 

, v. ^^o-ietic stem cell gene therapy has broad 
XTEZ specie to the benatopoletic 
application, to b als „ses. Within th. 

,vst« and to other organ ^ ^ diMMe . can 

-"r^t "L cll T^p,. Per ex-ple, hesoglobin 
b. treated by stem ceil 9 £ could be treated by 

^^on'of tTo gene old^for the globin a or , chain, 
«" "factory sequences that confer high level 

together with «^£o» £ ^ genes * erythrocytes 
tissue-specific "passim. DR KoUi,. G, dl, 

(Grosvld P, van ass.nd.lft SB, G»av ^ ^ r< 

51!87! . 985 ,1 9 8 7 , Soriano P Co a ^11, ^ ^ ^ 

SEiSnSS ' £T£ genetic insertion of 

coulfl be corrected by th. gen regulate 

*— !~ itiCr : are sufficient 

HSl£S r b t^cti:nal Protein deficiencies, such as leuKocyte 
caused W * or ^^c granulonatous disease 

^f^L such as von Willebrand's Disease, could be 
platelets, sucn as . _ f ^ gene encoding, e.g. 

r she =: — - 

axpression and secretion. 

Xce particular suitability of hematopoietic stem cell 
cene ^erapy f r the replacement of congenitally deficient 
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aene products is particularly evident in the tr atment of 
lymphocyt immunodeficiency diseases, such as severe combined 
immunodeficiency (SCID) due to adenosine d aminase deficiency. 
Retroviral gene therapy of circulating T cells with the ADA 
gene has been found to be successful at reducing the clinical 
immunodeficiency experienced by these patients, but the 
effects are only temporary, because the transfected T 
lymphocytes have a finite life span in vivo (Kasid A, MorecJci 
S Aebersold P, Cornetta K, Culver K, Freeman S, Director E, 
Lotze MT, Blaese RM, Anderson WF, et al. , Pro n , Natl, Acad- 
gS^ p.s.A . 1990;87:473-7; Culver K, Cornetta K, Morgan R, 
Morecki S, Aebersold P, Kasid A, Lotze M, Rosenberg SA, 
Anderson WF, Blaese RM, Proc, Natl, ftc^ , Mr U.g.Af , 1991; 
88-3155-9). If, however, the gene could be successfully 
transfected into hematopoietic stem cells, then all of the T 
cells which arose from these stem cells would contain and 
express the ADA gene. Therefore, since the transfected stem 
cells would persist and proliferate for the life of the 
patient, the T cell ADA deficiency would be permanently 
treated by a single gene transfer stem cell treatment (Wilson 
JM, Danos O, Grossman M, Raulet DH, Mulligan RC, proc, Natl. 
EC3jL a - S - A " 87:439-443 ? 1990). 

in addition to treating inherited enzymatic abnormalities 
of the hematopoietic system, stem cell gene therapy could be 
useful for protecting stem cells and their progeny from toxic 
exogenous agents such as viruses or chemotherapy. For 
example, gene transfer of DNA sequences encoding the TAR 
binding site of the HIV TAT transactivating factor have been 
shown to protect T cells from spreading infection by the HIV 
virus (Sullenger BA, Gallardo HF, Ungers GE, Gilboa E, Cgli, 
1990;63:601-8). Stable transfection of these sequences into 
hematopoietic stem cells would result in a pool of T cells, 
all arising from these stem cells, which would be relatively 
or absolutely resistant to the spread of HIV. 
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Similarly, successful transf ection of the genes encoding 
«*. mu^-drug resistance gene (MDR, or the methotrexat 

TILTL into human bone marrow stem cells would create 
resxstance gene into B tively res istant to the affects 

stem cells which would be relative^ 

dancer chemotherapy. Following autologous bone marrow 
plantation with these genetically ^" late * 

toxicity. 

one can readily envision that hematopoietic stem cell 

h= useful for acquired hematopoietic 

Lt and replacing the gene, via homologous recombxnatxon> 
would correct the abnormality. 

on a broader level, however, hematopoietic stem cell .g~ 
" sould he useful for the treatment of diseases outside 
^hematopoietic system as well. Cene transfer of »» 
fences carrying therapeutic soluble proteins could give 
IZ to mature blood cells which permanently secrete the 
a . sir ed amounts of a therapeutic molecule. By way of 
"ZTb. this approach could be useful for the treatment of, 
r^Tiabets mellitus by the insertion of DH* 
I^uiin along with regulatory DSA sequences that control the 
^expression of the transfected insulin gene^perhaps » 
rL^onse to elevated plasma glucose levels, ^stemic 
^Ltensicn could be treated by genetic insertion of stem 
o^eTth L seguences encoding secretory peptides which act 
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as comp titive inhibitors to angiotensin converting enzym , to 
vascular smo th muscle calcium channels, or to adr nergic 
receptors. Alzheimer's disease could possibly be treated by 
genetic insertion into stem cells of DNA sequences encoding 
enzymes which break down amyloid plaques within the central 
nervous system. 

The many applications of gene therapy, particularly via 
stem cell genetic insertion, are thus well known and have been 
extensively reviewed (Boggs SS, Tut , .T . C«U Cloning , 8.80-96; 
1990; Kohn DB, Anderson WF, Blaese KM, Panrer Investigation , 
7: 179-192 ,-1989; Lenn PM, »™» Marrow Transplants* ton , 
5^287-293;1990, Verma IM, ggifiPfcif Amer,, pp. 68-84;1990; 
Weatherall DJ, Nature . 349:275-276; 1991; Feigner PL, Rhodes 
G, UatUES, 349:351-352; 1991). There are indeed increasing 
examples of success in achieving therapeutic gene transfer 
into differentiated human cells, as described, for example, xn 
T lymphocytes (Kasid A, Morecki S, Aebersold P, Cornetta K, 
Culver K, Freeman S, Director E, Lotze MT, Blaese PM, Anderson 
WF, et al., Prnr ' Witl «ni ■ U.S.A, 1990 ,.87,473-7; 

Culver K, Cornotia K, Morgan R, Morecki S, Aebersold P, Kasid 
A, Lotze M, Rosenberg SA, Anderson WF, Blaese RM, ?rpc. Natl. 
sM. U.S.A. , 1991; 88:3155-9). 

Unfortunately, achieving gene transfer into human stem 
cells has not until now been accomplished. While several 
groups have demonstrated the feasibility of retroviral 
mediated gene transfer into human hematopoietic cells, human 
primitive hematopoietic stem cells have not been successfully 
transfected. This is in sharp contrast to experiments in the 
mouse, in which some level of retrovirally mediated gene 
transfer into hematopoietic stem cells has been possible 
(Wilson JM, Danes 0, Grossman M, Raulet DH, Mulligan RC, Proc^ 
Nntl. tefliL P.B.A., 87:439-443,-1990). 
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^ aajor pediments to achieving successful hunan 
hematopoietic sten ceil gene therapy has been the xnabxlity to 

-lis replicate to allow for thestahle 
^ertion of genes, and the existence of a retroviral 

cell line which efficiently infects hu^m ~« 
^ successful infection with a retroviral vector 
cells, succ target cell, penetration 

reguire.. bmdu.g of the ^ e ascription 

4«4-« tHe cell, uncoatmg of tme viiru^, 

efvi^ m Into DNA, integration of the viral DMA into the 
;^co.. M (using a viral integral, and 

rsr r«j rrorcii division ^ 

1989;63:3865-9). Thus, i* s the material will 

nresence of the desired genetic material, tne ma 

stably inserted into the stem cells. Part of the 
not be stably ^ ser retroviral delivery 

difficulty in infectxng stem cells is tne * 

system itself. 

, ™trovirus is an FNA virus consisting of approximately 
, 000 ha « After infection of the host cell th^ 

d iverted into douhle stranded DHA which insert, into the 

nrr^=S ir^i^ences. 
provirus. The provi beginning (5») 

called the long terminal repeat (MR). « * 

^ 4->,« «„d f 3 M of the virus sequences. The 5 LTR directs 

i^Li of virus mRNA ' s which encode at least two 
transcription of virus mRNA structural ^ replication 

, OTierr ints which encode the viral situcwub 

^!^s Tee first oRNA encodes the GAS and POL/MT 
C^ne' ana ^second **»A encodes the envelop, proteins. 

also encode transcripts involved in^er vrrus 
replication functions, for example the HIV FEV gene. 
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The host and cell type specificity f the retrovirus is 
d termin d in soiae cases by the ability of th LTR to function 
in the specific cell and in other cases by the presence of the 
receptor for the viral envelope on the cell. In the latter 
case the cell receptor binds to the viral envelope (ligand) , 
and the virus enters the cell. It is felt that lentiviruses, 
such as the HIV retrovirus, enter the cell via virus envelope 
mediated fusion after the viral envelope binds to the CD4 
molecule on the cell surface (Grewe C, Beck A, and Gelderblom 
HR r i^&IES, 3, 965-979, 1990). On the other hand, the 
amphotropic murine retroviruses (MoMLV) , which are used in 
current packaging cell lines, may enter the host via a 
pH-independent envelope fusion with endosomal particles 
(McClure MO, Sommerfelt MA, Marsh M, and Weiss RA, ?t Gen. 
vlrol . , 71 , 767-773, 1990). The amphotropic virus envelope 
binds to a cell surface receptor present on all cells. 

The virus particle is assembled at the cell membrane. 
The structural proteins, the GAG proteins in the case of 
MoMLV, and replication proteins (RT/INT) bind to cis-acting 
seguences present in viral RNA, and assemble at the cell 
surface with the virus envelope proteins and the virus 
particle buds off the cell surface. 

It has been shown that the envelope proteins from a 
different virus will assemble virus particles in conjunction 
with the GAG and POL proteins of a second virus (Page KA, 
Landau NR, and Littman DR, J- Virol,, 64, 5270-5276, 1990), 

in order to accomplish gene therapy, the packaging virus 
must be able to efficiently infect the host cell. The 
majority of packaging lines developed to date are based on the 
mouse MoMLV amphotropic virus. Although this viral coat will 
bind to human cells, it is very inefficient at infecting human 
hematopoietic cells (Gruber DE, Finley KD, Hershberg RM, 
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_ , , PK sieamiller JE, Friedmann T f Vee JK and 
r^ '~ »BS, Hogg. OB . Humphries 

« ^1H-617, os.7,. *tt«pf to use a xenotropic 

^HTvirus Which infects species other than souse, 
;X,Lg cell line have teen hindered by very low viral 
W«rs of 3T3 xenotropic packaging cell lines. Finally, « 
^n t -uKssia Virus envelope, -^J^T^ «™ 
distributed cell receptor, has been used to make a 3T3 
pssudotyp. packing cell line (Killer D et al., . T , Vl»l„ 

65, 2220-4, 1991). 

The ideal packaging virus would have an envelop, (ligand, 
which recogni.es a receptor present only on the subset of 
*£s wnicTare the intended target for gene therapy. *his 
"u type specificity would have multiple advantages over the 
"sLnf amphotropic and xenotropic packaging cell lines which 
^Le I receptor present on all cell types. For ««mpl.. 

Xess of mononuclear bone marrow cells. In addition, these 

appear to grow only when in contact with stromal cells, 
Sen represent a large proportion of bone marrow 
ZT when attempting gene transfer in in vitro hematopoietic 
enures, extremely high viral titers are ~ * 

Bt .m cell. These high viral titers ere very difficult to 
obtain. Alternatively, enrichment of the »™ 1 ^ b °~ 
^ov for stem cells is possible, but the best * 
FACS which is very expensive and time consuming. In addition, 
LTl.es sorted cells probably also reguire culture on a 
stroma layer which will also bind virus particles and 
effectively lower the virus titer. 

Additionally, the ideal packaging line would be 
constructed using a human retrovirus envelope, simce these 
^es have evolved to efficiently infect uuman «Us_ 
unfortunately, the known human retroviruses (HTLV and HIV) 
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only Infect T-cells. In the case of HIV, T-cell specificity is 
due to the fact that only T-cells express the viral rec ptor 
on their cell membranes. However, studies have shown that the 
HIV envelope will form virions with the GAG and POL proteins 
of an amphotropic virus (Wilson K, Reitz MS, Okayama H r and 
EidenMB, J- Virol.. 63, 2374-8, 1989). 

U.S. patent no. 4,731,324 describes a viral lysis assay 
in which modified viral particles are utilized. Specifically, 
the virus particles contain on their surface non-viral anti- 
analyte molecules which are composed of an anti-analyte which 
is derivatized with a lipid moiety which anchors the molecule 
to the virus lipid bilayer surface. 

U.S. patent no. 4,948,590 discloses avidin- or 
streptavidin-conjugated liposomes which can be utilized as a 
vehicle for site-specific targeting of encapsulated drugs or 
other macromolecules, including retrovirus vectors. The 
conjugated liposomes are prepared by coupling, e.g., the 
carboxyl residues of streptavidin to the phospholipid amino 
groups of the liposome. 

U.S. patent no. 4,786,590 describes the use of monoclonal 
antibodies which bind to one or more determinant sites of cell 
surface membrane receptors (CSMR) for directing agents to the 
site of transformed cells. Disclosed examples of such agents 
include radionuclides, toxins, and factors involved in 
complement lysis. 

U.S. patent no. 4,701,416 teaches the use of protein 
carriers to which is conjugated an amino acid sequence which 
is homologous to at least a portion of gp70 envelope protein 
of FeLV as a FeLV immunogen. Disclosed examples of such 
carrier proteins include keyhole limpet hemocyanin, ovalbumin, 
porcine. thyroglobulin, and bovine serum albumin. 
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D .S. patent no. 4.861.588 describes hepatitis B vaccin s 
containing an amino acid ehain corresponding to . ^ ° 
Lino acid, in the P re-S region linxed to e earner. Lipid 
vesicles ere described as the preferred carrier. 

U.S. patent no. 4,859,769 teaches th. us. of liposomes 
wnich may be tagged with a viral component which recognise, 
the second-step receptor on the surface of a cell. The 
liposome may be used to carry a toxic drug. 

D.S. patent no. 4,545,985 discloses a method for 
unifying Pseudomonas exotoxin for conjugating ^ " 
a monoclonal antibody which binds to a cell surface membrane 
receptor to form an immunotoxin. 

However, none of the above-described methods is 
completely satisfactory for preparing targeted "troviral 
vecLrs. For example, the methods of U.S. patents 4,731,324 
and 4,948,590 rely upon bonding an already produced compound 
to an existing virus or carrier. Thus, the existence of 
sufficient amounts of the protein and pr.form«i virus or 
carrier is required. 

Thus, there remains a need for viruses which contain, on 
their surface, proteins specific for receptors found on the 
me mbrane of targeted cells- Further, there remains ^ 
methods and packaging cell lines to prepare such retroviruses. 

nl-nr— ^ * he invention 

Accordingly, it is an object of the present invention to 
provide novel viruses, including retroviruses, which possess^ 
on their surface at least one chimeric envelope protean which 
binds specifically to a receptor found on targeted cells. 
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Xt is another object of the present invention to provide 
viruses, including retroviruses, which contain on their 
surface at least one chimeric envel pe protein which 
specifically binds to mammalian, including human, stem and/or 
progenitor cells. 

It is another object of the present invention to provide 
viruses, including retroviruses, which possess on their 
surface at least one chimeric envelope protein which 
specifically binds to human hematopoietic stem and/or 
progenitor cells. 

It is another object of the present invention to provide 
a method for preparing viruses, including retroviruses, which 
possess on their surface at least one chimeric envelope 
protein which specifically binds to a receptor found on the 
surface of targeted cells. 

It is another object of the present invention to provide 
a method for preparing viruses, including retroviruses, which 
possess on their surface at least one chimeric envelope 
protein which specifically binds to mammalian, including 
human, stem and/or progenitor cells. 

It is another object of the present invention to provide 
a method for preparing viruses, including retroviruses , which 
possess on their surface at least one chimeric envelope 
protein which specifically binds to human hematopoietic stem 
and/or progenitor cells. 

It is another object of the present invention to provide 
human stem and/or progenitor cells which have been transduced 
with a genetically engineered virus, including a retrovirus, 
containing a therapeutic gene packaged in a virion with a 
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ehim eric envelope protein which specifically binds t a 
™: Zn, on L W>rane of the ste* an*,or progenitor 



cell. 



It is another object of the present lotion to provide 
a setooe of gene therapy, in which mammalian, includinghuman, 
"T TO transduced with a virus, including a retrovirus 
cells are era™. . t isast one chimeric envelope 

which possesses on its surface at least one cui» 
to J* Which specifically binds to the transduced cell. 

It is another object of the present Invention to provide 
, method of gene therapy, in which human stem 
progenitor cells are transduced with a virus, including a 
ZZZirvs, Which possesses on its surface at ^ 
SSeric envelope protein which specifically binds to the 
human stem and/or progenitor cell. 

It is another object of the present invention to provide 
a method of gene therapy in which human hematopoietic stem 
^Tare transduced with a virus, including a retrovirus. 
Tossing on its surface at least one chimeric -velope^ 
protein which specifically binds to the hum*, hematopoietic 
stem and/or progenitor cells. 

It is another object of the present taction to provide 
packaging cell lines for producing novel viruses, including 
retroviruses, which possess on their surface at least on. 
^ic envelope protein which binds specifically to a 
recsptor found on targeted cells. 

It is another object of the present invention to provide 
packaging cell lines for producing novel viruses, including 
reuses, which possess on their surface at 1^ one 
cleric envelope protein which binds specifically to 
Mmnalian, including human, stem and/or progenitor «ils. 
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It is another object of the present invention to provid 
packaging cell lines for producing novel viruses, including 
retroviruses, which possess on their surface at least one 
chimeric envelope protein which binds specifically to human 
hematopoietic stem and/or progenitor cells. 

These and other objects, which will become apparent 
during the following detailed description, have been achieved 
by the inventors' discovery that viruses, including 
retroviruses, may be genetically engineered such that the 
viral membrane contains a chimeric envelope peptide which will 
specifically bind to a targeted cell and that such 
retroviruses may be used to transduce specific targeted cells. 

posr. Mode for ferrying n«t the Invention 

Thus, the present invention relates to the use of a 
genetically engineered retroviral packaging cell line that has 
altered the viral envelope such that it contains a peptide 
which will bind to a molecule on the membrane of the target 
cell. This results "in the creation of stable genetically 
transformed mammalian, including human, cells. The present 
invention can be used for the transfer of any genetic 
information that can be engineered into a recombinant 
retrovirus, or any other gene transfer vector that requires a 
virus for delivery. The present invention also relates to a 
stromal cell line which supports hematopoiesis and is 
transfected with the retrovirus packaging vectors. 
Genetically modified human stem cells produced by the present 
invention can be applied to a wide variety of clinical 
diseases, as described in the preceding text. Further, the 
present invention also provides methodology that enhances the 
efficiency of genetic transfer into human progenitor cells. 
Additionally, the present invention includes a genetically 
modified human stem cell produced with the use of the. present 
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retroviruses and/or packaging cell lin . 

Since tissue specificity of retrovirus infection can be 
conferred by virus envelope (ligand) binding to a cell 
receptor! and both stem and progenitor cell specific ligands 
Ld receptors are known, the construction of chimeric viral 
envelope/stem cell ligand molecules will confer stem and 
progenitor cell tropism to virus particles. For example, the 
LTviral membrane gene has been cloned, and the envelope 
a^ino acids which bind to the CD4 antigen on the T-«ll 
neBb rane are known (Lasky LA, * al, ££ll> 50 ,75-985^ £S7> • 
This knowledge provides the information needed to substitute 
into the gene for the HIV envelope CD4 antigen binding site a 
sequence that encodes the peptide that is known to bind to the 

membrane of any specific targeted eel! of interest This 
allows the packaging line to produce virus particle* that 
infect target cells efficiently and selectively, because the 
virus particles will now encode a chimeric envelope protein 
vaich will bind specifically to the stem and/or progenitor 
lell receptor molecule, and will not bind to cell type, which 
do not have the receptor. 

It should be noted that by making these "designer" 
retroviral packaging cell lines, in vivo gene therapy may be 
achieved. This is especially true in view of the increased 
viral titers available using high density cell culture 
technology. As noted above, conventional packaging cell 
lines, both the amphotropic and GALV systems, recognize a 
ubiquitous cell surface protein. If the selective 
transaction of a target cell is the object, then any attempt 
to use these systems for in vivo gene therapy would be doomed 
to failure, because most of the infused virus would bind to 
irrelevant cells, and these would not be sufficient 
recombinant virus particles infused to infect a significant 
number of the target cells. Also, infection f irrel vant 
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c lis could lead to unwanted side eff cts. 

However, a "designer" would overcome these deficiencies. 
Sufficient numbers of these designer virus particles could be 
infused to infect a large number of just the targeted cell 
type. It is reiterated that this method is not limited to the 
hematopoietic system. For example, a "designer" cystic 
fibrosis (CF) virus recognizing a receptor unique to bronchial 
epithelium could be delivered in an aerosol to the lung for 
correction of the CF genetic defect. 

In addition, conventional packaging cell lines are all 
derivatives of the mouse NIH 3T3 cell line. These cells are 
murine in origin, and as such produce many factors which have 
either no effect or a deleterious effect on human 
hematopoietic cells. Furthermore, experiments show that 
co-culture of the hematopoietic cells with the packaging cell 
line produces optimal infection. We have evidence that 
co-culture of human hematopoietic cells with 3T3 cells 
inhibits stem cell division. Therefore, the present invention 
includes a human stromal cell line derived from, e.g., fetal 
liver (which supports hematopoiesis) or adult bone marrow for 
use as the packaging cell line. 

A retrovirus envelope mRNA usually encodes a protein 
which is cleaved into two peptides. These peptides are 
inserted into the cell membrane and are associated as a dimer 
or tetramer. Thus, the viral envelope consists of an 
intracellular and extracellular domain. The present invention 
is achieved by genetically engineering the extracellular 
domain of the retroviral envelope so that it consists of a 
chimeric molecule which will associate as a dimer with the 
small envelope peptide. Hence, the viral envelope 
extracellular domain contains a ligand which will specifically 
bind to the cell membrane of interest. 
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For instance, when the target cells are human 
h emato P oietic stem cells, the genes for the c-kit ligand the 
Uemic Inhibitory Factor (LIF) . the CS-1 the 
alternatively spliced non-type III connecting segment (IXICS, 
of human plasma fibronectin. or any other ligand which 
recognizes human stem cells may he substituted for the CD4 
binning amino acids in the HIV envelope. Other report, have 
™L that the human hematopoietic stem cell most likely 
Preceptors for some or all of these molecules. For other 
target cells, the appropriate ligand is selected and 
substituted for all or a portion of the ligand naturally 
occurring on the virus enveiope. The selection^ the 
appropriate ligand for the target cell of interest is well 
within the abilities of the artisan of ordinary skill. 

It should be understood that by substitution of a ligand 
specific for the target cell receptor it is -east that either 
Se entire protein or a portion thereof may be substituted for 
a portion of the ligand naturally occurring on the 
envelope. The selection of the particular portion of a ligand 
rasper ible for the binding to a target cell and the 
Ration of the sis. of the portion of both ligand hem, 
replaced and the ligand being inserted are within the 
capabilities of one of ordinary skill in the art. 

Iha replacement of the portion of the ligand. 
occurring on the virus envelope and responsible for bindingto 
Toei: surface, with the ligand or portion thereof responsible 
tor hi -.din, to the target cell is achieved by altering the 
absence or the gene encoding the ligand naturally occurring 
o^the virus envelope using recombinant DNA technology. *bus, 
a portion of the gene which encodes the sequence of the 
naturally occurring ligand necessary for binding to the 
natural receptor is excised and replaced with either the DHA 
segue ■„. encoding the entire ligand which binds to the target 
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c 11 or any portion of the ligand which results in binding to 
the targ t cell. 

in a preferred embodiment, the present invention relates 
to retroviruses which have been engineered to specifically 
bind to human stem and/ or progenitor cells. Human 
hematopoietic cells, may be isolated from bone marrow, 
peripheral blood, fetal liver, or umbilical cord blood. It is 
further preferred that these cells are cultured as described 
in U.S. Patent Applications Serial Nos. 07/737,024, 
07/628,343, and 07/366,639, which are incorporated herein by 
reference, under conditions in which about 50% of the medium 
and serum is exchanged daily, and the replacing volume is 
supplemented with hematopoietic growth factors. Such 
hematopoietic growth factors may be supplied exogenously by 
addition of the growth factors to the culture medium or may be 
present in the medium as a result of the presence of 
transformed stromal cells in the culture which endogenously 
produce the growth factors. It should be noted that these 
conditions result in formation of a stroma during the time of 
the retroviral infection. In a preferred embodiment, the 
growth factors are GM-CSF (0.1 to 100 ng/ml/day, preferably 
about 5 ng/ml/day) plus IL-3 (0.1 to 100 ng/ml/day, preferably 
about 10 ng/ml/day) with or without IL-1« (10 to 100 U/ml per 
3 to 5 day period, preferably about 50 U/ml/4 day period), 
with 'or- without c-*it ligand (Mast cell growth factor) (1 to 
100 n 'ml/day, preferably about 10 ng/ml/day), with or without 
IL-6 (l to 100 ng/ml/day, preferably about 10 U/ml/day) ♦ 

ris retroviral infection (transduction) of the cells is 
preferably carried out as described in U.S. Patent Application 
Seria No. 07/74 0,590, which is incorporated herein by 
reference. By transduction, it is meant the delivery of genes 
into < ?lls by means of a viral vector. The retroviral 
infec '.on is performed by including supernatants produced by 
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retroviral packaging lines infected with rec mbinant 
retrovirus, during the first days of the culture, or by 
culturing the cells directly over the infected retroviral 
packaging lines themselves. In the preferred embodiment 
retroviral supernatants are used, and the period of incubation 
in the presence of virus , is about 14 days. 

It must be emphasized that infection of human stem and/or 
progenitor cells with the present retroviruses in conjunctxon 
witn the rapid perfusion culturing techniques described above 
results in a high degree of stem and/or progenitor cell 
infection as a combined result of at least two *« ects ' 
First -he altered envelope of the present retrovirus affords 
an enhanced specificity of viral binding to the stem and/or 
progenitor cells. Second, the rapid medium exchange culture 
conditio provide an environment in which stem cells remain 
viable and continue to replicate for extended periods of time 
(up to at least 5 months) . Both factors contribute to an 
enhance i efficiency of infection of the stem and/or progenxtor 
cells x the retrovirus. 

Th= retrovirus of the present invention used to infect 
the tar -at cell should of course also contain within xts 
genome =hm genetic information encoding the desired 
therap tic gene and any required regulatory sequence. The 
choice rf therapeutic gene will depend on the particular 
disea- or condition to be treated. Generally speaking, the 
therapc tic gene and any attendant regulatory sequences should 
be no r,re than approximately 6 to 8 kb in size. Examples of 
therap tic genes have been discussed above, and the choice of 
the pa icular therapeutic gene is within the abilities of 
those ? :illed in the art. 

present retroviruses may be prepared by the following 
me thod vhich is described in terms of the HIV envelope 
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protein containing the CD4 binding domain. However, it is to 
be understood that other envelop proteins for which th 
binding domain is known may take the plac f the exemplified 
HIV envelope protein. 

:vo plasmids which contain the necessary genes for 
retrovirus packaging may be constructed. One plasmid may 
inclv e the GAG, POL, and RT genes, with or without the HTLV 
TAT a Vor REV genes, of either MoMLV, HTLVI, or HIV. The 
noon S plasmid may include a genetically modified HIV envelope 
gene vhich has the CD4 binding domain (Olshensky U, Helseth E, 
Furma C, Li J, Haseltine W, Sodroski J, J, Virol. , 64, 
5701-707, 1990) replaced by either the c-*it ligand (Zsebo KM 
et al Cell, 63, 195-201, 1990; Anderson KM et al, Cell, 63, 
235-2 3, 1990; Martin FH et al, Cell, 63, 203, 1990), LIF 
(More ,i J-F, Donaldson DD, Bennet F, Witek-Giannotti J, Clark 
SC & ong GG, Nature . 336, 690-692, 1988), the stem cell 
bindi f domain of the alternatively spliced fibronectin 
(Willi lias DA, Rios M, Stephens C, and Patel VP, Nature , 
352:43-441; 1991), or any other ligand of choice or portions 
ther- This genetically altered envelope protein will 
convc the tissue specificity of choice to the retrovirus 
pack? ng cell line(s). These plasmids may be transfected 
into cell line, for example NIH 3T3 cells or a human stroma 
cell ine described below, to make the packaging cell line. 

r irthermore, human fetal liver stroma or bone marrow 
stro- may be immortalized with the SV40 large T antigen, and 
a trr formed cell line which supports hematopoiesis may then 
be si cted. These cells may then be transfected with the 
packa- ng vectors, and a virus producer cell line selected to 
act ?. the packaging line. 

us, the viruses of the present invention are 
chare arized by the presence, on their envelope, of multiple 
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copies of at least one type of chimeric envelope protein which 
result in the virus binding specifically t a rec ptor on a 
Zl su face to which the natural virus would not specifically 
v natural virus it is meant the virus which has on its 
surfac, the naturally occurring envelope protein. 
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-ha context of the present invention a ligand 

protein) is said to specifically bind to a cell 
-ceptor, if the ligand binds to that cell surface 
-preferentially in the presence of other cell surface 
s to which it does not specifically bind. Typically, 
, hich specifically bind to cell surface receptors do 
an affinity constant of 10" 6 to lO^M. 

should be noted that by the present invention any gene 
inserted into a recombinant retrovirus vector 
with suitable promoter and enhancer elements that 
■s expression can be incorporated into human 
-tic stem cells. The achievement of the present 
n derives from the conditions that permit stem cell 
■n through the use of a genetically altered retroviral 
' ge ne which confers binding specificity for human stem 
•ogenitor calls, and the use of a human stromal cell 
he packaging cell line. 

• ng generally described the present invention, a 
.nderstanding can be obtained by reference to certain 

examples which are provided herein for purposes of 
ation only and are not intended to be limiting unless 

= -i specified. 

EXAMPLES 

- T<he following is a description of how a LIF may be 

• into the HIV envelope GP 120 gene. LIF is known to 
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be found on mouse embryonal stem cells and early hematopoietic 
cells but not on mature tissue cells. Thus, this protein 
should have specificity for stem and early progenitor cells. 
It should be noted that other ligands such as IL1 through 10, 
GM-CSF, the c-*it ligand, the ligand for Flk 2, etc. can also 
be used, in addition, just the receptor binding sequences of 
the ligand may be used, and these sequences may be substituted 
into different parts of the HIV ENV gene, or into the binding 
protein (ENV) genes of other retroviruses or other viruses. 
Furthermore, some or all of the extracellular domain, not 
including the portion of the extracellular domain which 
associates with the retrovirus small envelope protein, of the 
ENV g * n& may be deleted. 

For example, an HIV ENV, LIF chimeric retroviral ENV gene 
may h made as follows. The HIV ENV coding region may be 
isolated in two parts by using the polymerase chain reaction 
(PGR) using specific primers designed to introduce useful 
restr- -tion endonuclease sites into the ENV gene. Since amino 
acids 10-421 (Ratner L, et al, Nature 313, 277-284, 1985), 
contai.i sequences essential for CD4 binding (Lasky LA, Ce*l, 
50, 973-985, 1991), they may be deleted to abrogate CD4 
bindir :. The primers may be CCGTCGACATGAGAGTGAAGGAGAAA 
TATC£' ACTTG and the sequence 

CCGGA TTCATGTTTATAATTTGTTTTATTCTGCATGG . The HIV clone pBHIO 
na y b *ed as a template for the PCR amplification of part of 
the F." gene. Two more primers, 

CCGG; rGAGTGGACAAATTAGATGTTCATCAAATATTACAGGG and 
CCGTC .CTTATAGCAAAATCCTTTCCAAGCCCTGTCT may be used to amplify 
the K clone pBHIO ENV (Hahn B et al, fiature, 312, 166, 
1984) The two PCR products may be digested with the 
restr. --ion endonuclease Sal 1 and Eco Rl, and then included 
in a -partite ligation reaction containing Sal 1 digested 
pSub , a eukaryotic expression vector (Castle VP, Varani J, 
Flig S, Prochownik EV, and Dixit VM, J. Clin- ?hv. , 87, 
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1883-8 1991) , and T4 DNA ligase. The ligation reaction may 
b trarsfected into E. coli, and a recombinant plasmid 
contain ing the HIV envelope gene with a deletion of the bases 
enoodi i amino acids critical for CD4 binding may then be 
ident-: <ed. There is now an Eco Rl restriction endonuclease 
site * .stituted for the deleted CD4 binding region. 

A -lone containing only the coding sequences of LIF may 
be isolated by PGR amplification of LIF (Moreau J-F et al, 
HateKP. 336,690-692, 1988)) using the primers 
CCGA?-- -C^GCCCCCTCCCCATCACCCCTGTCAACGCCACCTGT and 
CCGAA" CGAAGGCCTGGGCCAACACGGCGATGATCTG. The PCR amplified LIF 
codir, sequence is now flanked by an Eco Rl restriction 
endor, -ase site. The PCR product may then be digested with 
tbe r Action endonuclease Eco Rl and ligated into the Eco 

m si , hiG h was introduced into the HIV ENV gene. A clone 

with - i in-frame substitution of LIF for the CD4 binding 
regie o- the HIV ENV gene may be isolated and transfected 
into line expressing the GAG POL genes of either an 

amphc, o :,lc MoMLV, or another retrovirus. This results in a 
pack, J cell line which produces virions with a chimeric 
LIF /■}•■ envelope when transfected with a recombinant 
retrc 'ral vector. 

r ^ously, numerous modifications and variations of the 
prese: Invention are possible in light of the above . 

It i s therefore to be understood that, within the 
^he appended claims, the invention may be practiced 



teac 



scop^ 
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Claims 
1. 



L A genetically engin ered virus comprising a 
genetically engineered gene and having on its surface at least 
one chimeric envelope protein which contains a binding region 
specific for a cell receptor to which the naturally occurring 
envelope protein of the virus does not specifically bind. 

2. The virus of Claim 1, which binds specifically to a 
single target cell receptor. 

3 The virus of Claim 1, wherein said chimeric envelope 
protein binds specifically to mammalian stem cells, progenitor 
cells, or mixtures thereof. 

A. The virus of Claim 3, wherein said mammalian cells 
are human cells. 

5. The virus of Claim 1, wherein said chimeric envelope 
protein binds specifically to human hematopoietic stem cells, 

prog*, .iter cells, or mixtures thereof. 

6 A retrovirus packaging cell line, comprising 
packaging cells which contain the genetic information encoding 
for a" genetically engineered virus which comprises a 
genetically engineered gene encoding at least one chimeric 
envelope protein which specifically binds to a target cell 
rece tor to which the naturally occurring envelope protein of 
the virus does not bind. 

7. The packaging cell line of Claim 6, wherein said 
chimeric envelope protein binds specifically to mammalian stem 
cell?, progenitor cells or mixtures thereof. 
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8. The packaging cell line of Claim 7, wh rein said 
BMonslian cells are human cells. 

„ The packaging cell line =£ Claim 6, wherein said 
^erlc envelcpe protein hinds specifically to human 
„ematc ? oietic stem cells, progenitor cells, or mixtures 

thereof. 

~ „«n line of Claim 6, wherein said 
10. The packaging cell line 01 uxajju , 

packaging cells are human stromal cells. 

H in a method of gene therapy, comprising transducing 
kalian cells with a retrovirus comprising thegenetxc 
Lforraticn for a therapeutic gene, the improvement being that 
^He^virus is packaged in a virion uprising a chimeric 
entelopHrotein which hinds specifically to a cell receptor 
"which the naturally occurring envelope protein of the 
retrovirus does not bind. 

12 . The method of Claim 11, therein said mammalian cells 
are human ceils. 

13 The method of claim 12. wherein said human cells are 
etem cells progenitor cells, or mixtures thereof, and said 
stem cells, prog .oaoificaUy to human stem 
chimeric envelope protein binds speciticaxiy 

cells, progenitor cells, or mixtures thereof. 

14 The method of Claim 12, wherein said human cells are 
hU man hematopoietic stem cells, progenitor cell^ ~ . ™ 
thereof, and said chimeric envelope protein hinds specifically 
to hux,an hematopoietic stem cells, progenitor cells, or 
mixtures thereof. 

15 The method of claim 11, wherein said transducing is 
carried out hy exposing said cells to said virus, while said 
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cells are being cultured by a method comprising culturing said 
cells in a liquid culture medium which is replaced at a rate 
of about 1 ml of medium per 1 ml of culture per about 24 to 
about 4 8 hours, and removing metabolic products and 
replenishing depleted nutrients, while maintaining said 
culture under physiologically acceptable conditions. 

16. The method of Claim 15, wherein said cells are human 
cells . 

17. The method of Claim 11, wherein said transducing is 
carried out in vivo. 

18. Human stem and/or progenitor cells which have been 
transduced with a genetically engineered virus comprising a 
genetically engineered gene packaged in virion with a chimeric 
envelope protein which contains a binding region specific for 
a cell' receptor to which the naturally occurring envelope 
protein of the virus does not specifically bind. 



INTERNATIONAL SEARCH REPORT 



Intenjadional application No. 
PCTYUS93/00072 



A. CLASSIFICATION OF SUBJECT MATTER 

D>C(5) :C12N 5/00. 15/00; A61K 37/00. 31/70 

USCL :435/240.I. 320.1; 514/44; 424/93B . 
According to International Patent Classification (IPC) or to both national claaatfieatem and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/240.1. 320.1; 514/44; 424/93B 

Documentationsearchedo^ertnan minimum document 

Electronic data base consulted during the international search (name of data base and. where practicable, search term, used) 
APS. Chemical Abstracts 

£ DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant 



Cell, Volume 63, issued 05 October 1990, F.H. Martin et al, 
"Primary Structure and Functional Expression of Rat and Human 
Stem Cell Factor cDNAs", pages 203-211, see entire document. 

Journal of Virology, Volume 63, No. 5, issued May 1989, 
-Formation of Infectious Hybrid Virions with Gibbon Ape Leukemia 
V-js and Human T-CeU Leukemia Virus Retroviral Envelope 
Glycoproteins and the gag and pal Proteins of Moloney Murine 
Leukemia Virus", pages 2374-2378, see entire document. 



Relevant to claim No. 



1-18 



1-18 



ra Further documents are listed in the continuatio n of Box C. Q Sec patent family annex. 



IT 



Speck] ca**ork» of cited documents: 
docnmoii defkuat (be |eneral snue of the art which is not comidcrcd 
to be p*^ of particuUr rclcvsnc* 

eerier document published oo or after the aHem«tioo*l filing date 

doannerJ which may throw doubts oo priority cUim(.) or which u 
SSto c^bliih lhe publkstion date of another citation or other #y . 
«peckl ^»od<m ipeci5ed) 

document rtferrm* to an oral disclosure. iue. exhibition or other 

dncun** p^b Ushed prior to die btrmatiocal filini dele but later then "A" 

the pron" i.-.te cUaned 



btwdoctmKntixiHk^afto 
dale end iKJliocnnfu^wiAAonpplioilfcKibolciind toundesrtandtne 
prindpie or theory undertyfef the ewntoon 

of pcfticnttf relevance; the churned invention cannot he 
' 'wcennot be considered to 
t»u*enelone 



doenment of peitkntltx irie^ 

considered to mvoJve an inventive step when |b* doc »2 e ** 
combined cm or more other inch de evmrnt a, ancn uwhina non 
being obvious to e person akiUed fa the en 

fdtoaej 



Date of the acuT^ completion of the international search 
23 Much 1973 



Name and m&: : address of lhe ISA/US 
f iin'inta-r of Pstentt and Trademarks 

Wtshii«toa^^. 10231 
Facsimile No. ; OT APPLICABLE 



Da ^ of mailing of the international search report 

29 MAR 19935 




Authorized ofQ; 

DEBORAH CROr5cH f PH.D 
Telephone No. (703) 308-0196 



Form PCT/ISA/: . ; (second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



[ntcruodonal application No. 
PCTAJS93/00072 



n ^*-***. DOCUMENTS CONSIDERED T O~BE~ RELEVANT 

~ c itation of document, with indication, whcxc appropriate, of the relevant passage 

Proceedings National Academy of Sciences, Volume 87 issued 
bnuuv 1990 J. M. Wilson et al, "Expression of Human 
JStoSito in Mice Reconstituted ^ Retro vtrus- 
^XedHematopoietic Stem Cells", pages 439-445, see entire 
document 

Food, Volume 69, No. 2, issued February 1987 Hogge- et al, 

-Gene Transfer to Primary Normal and M a *^SS' Pages 
He mopoietic Progenitors Using Recombinant Retroviruses , pages 

611-617, see entire document. 



Relevant to claim No. 

-18 



-18 



Fotm 



PCT/IS-V210 (continuation of second sheet)(July 19«>* 




THIS PAGE BLANK 



(IttFID) 



